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Introduction
Risk assessment is part of the risk analysis pro-
cess, which also includes risk management and
risk communication. Risk assessment in veteri-
nary medicine is mainly used to estimate risks
related to international trade and food safety.
Risk in the risk analysis context is defined as
the probability of an adverse event and the mag-
nitude of the consequences (Kaplan & Garrick
1981, Ahl et al. 1993). The objective of risk as-
sessment is to estimate both these elements in
order to provide input to an underlying decision
problem, for example: whether or not to permit
the import of a certain commodity. A risk as-
sessment is expected to take into account all
available information, to systematically struc-
ture and analyse it and to provide a scientifically
sound, objective outcome. All steps of a risk as-
sessment need to be documented in a transpar-
ent fashion such that the results are understand-
able and reproducible (Wooldridge 1996).
One of the limitations of risk assessment, how-
ever, is the lack of reliable and high-quality data
that can be used as input (Covello & Merkhofer
1993, Salman & Ruppanner 1999). Further-
more, biases introduced by sub-optimal data
collection procedures or inadequate data pro-
cessing and analysis can reduce the accuracy of
risk estimates (Covello & Merkhofer 1993).
Input data for risk assessments can be obtained
from disease monitoring systems. Disease
monitoring is defined as routine recording,
analysis and distribution of data related to
health or disease of a defined population in a
defined area at a specific point in time (Chris-
tensen, submitted). Disease surveillance is a
special case of monitoring where pre-defined
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action will be taken as soon as a specified
threshold is passed. Therefore, surveillance is
always part of a disease control programme. For
exotic diseases, the threshold value to initiate
action is typically zero, i.e. there will be eradi-
cation measures taken as soon as the first case
is diagnosed.
The objective of this article is to elaborate the
relationship between monitoring and surveil-
lance systems (MO&SS) and risk assessment.
The requirements to be fulfilled by MO&SS in
order to support high-quality risk assessments
are discussed.
Monitoring and surveillance data and their
effect on the risk assessment process
The type of input data required to conduct risk
assessments depends on the underlying deci-
sion problem, but in principle, it can be grouped
into data for the following steps of the risk as-
sessment process: hazard identification, release
assessment, exposure assessment and conse-
quence assessment (Covello & Merkhofer
1993). Data generated by MO&SS can be used
in all these risk assessment steps (Error! Un-
known switch argument.). The second major
source of information for risk assessments are
targeted epidemiological, toxicological or mi-
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Table 1. Input data for risk assessments provided through animal disease monitoring and surveillance systems
Risk assessment step
Input provided through monitoring and surveillance systems
Animal trade risk assessment Food safety risk assessment
Hazard identification Occurrence of risk indicators Occurrence of risk indicators
Level and quality of detection Level and quality of detection 
of the agent/disease in an animal of the agent in an animal or product 
population
Release assessment Prevalence/incidence of agent or Prevalence of agent or substance 
disease in exporting country at all points of the production system
Strain differences if applicable Detection level of the agent
at each point of production 
Level and quality of detection of 
the disease on a population basis
Exposure assessment Prevalence/incidence of agent or Prevalence of agent or substance 
disease in importing country in products 
(endemic level of the agent in Prevalence of agent or substance
the host population) in the environment (water, air)
Prevalence of agent in the Human behaviour and consumption 
environment (water, air, wildlife) patterns
Strain differences if applicable
Consequence assessment Associated risk factors for Incidence of human cases 
the spread of the disease Severity of human cases
Economic parameters that are Cost of human cases 
affected by the exposure to or 
introduction of the disease
crobiological studies (Roseman 1998), the ade-
quate design of which is important and thus an
area with potential for improvement in order to
reduce imprecision in risk assessments (Muntd
et al. 1998, Younes & Somich-Mullin 1998).
Hazard identification is the first step in the risk
assessment process (Table 1). This step requires
a thorough evaluation of existing data and in-
formation about the potential hazard to answer
the question: “What can go wrong?”. Only haz-
ards that are identified will be included in the
risk assessment. Hazard identification is there-
fore a very influential step. Monitoring systems
can form the basis for data gathering for the
hazard identification. For example, monitoring
of antibiotic resistance in animals is used in the
assessment of the risk of antibiotic resistance in
human medicine. Such a monitoring system is,
for example, currently run in Denmark (Anony-
mous 1998). One hazard under consideration in
this country is the use of antibiotics in veteri-
nary medicine, mainly their use as growth pro-
moters. Not all antibiotics that are currently
used are identified as hazards at this stage, but
depending on the monitoring results in human
and animal populations, products other than the
ones currently listed by the European Union
(EU) (Directive 70/542/EEC with recent
amendments) could be phased out. Conse-
quently, MO&SS can play a major role to de-
termine the final recommendation resulting
from a risk assessment process.
The hazard analysis critical control point
(HACCP) approach is today used throughout
the food processing industry (Hogue et al.
1998). HACCP systems focus on factors (haz-
ards) that have been shown to contribute to
foodborne illness. In a second step critical con-
trol points are identified. Critical control points
are production steps where interventions can be
applied. HACCP also includes data recording
to monitor the production safety. HACCP sys-
tems can therefore be considered to be MO&SS
(Guzewich et al. 1997). These data can be used
in risk assessments and, reciprocally, risk as-
sessment techniques can also be used to de-
velop HACCP programmes (Mayes 1998).
Most frequently, MO&SS data are used to doc-
ument the occurrence of agents or substances in
the release and exposure assessment part of a
risk assessment. With regard to international
trade questions, such data are routinely ex-
tracted from sources such as the animal health
yearbook published by the Office International
des Epizooties (OIE, for example, Anonymous
1999a). However, this publication is limited
with respect to timeliness and accuracy, as it
heavily depends on the quality of veterinary
services and the MO&SS in place in individual
countries. Sanson & Thornton (1997) demon-
strated the influence of the quality of surveil-
lance on the time needed for the detection of the
first case of a newly introduced disease. Using
outbreaks of Salmonella dublin as an example
(an exotic agent in the country under consider-
ation), it was shown, that a reduced surveillance
programme could increase the median time to
diagnosis from 4 weeks to 40 weeks. This
demonstrates that background information on
the design and conduct of MO&SS is necessary
in order to be able to establish the level of con-
fidence one can have into MO&SS results. This
type of information, however, is not included in
the animal health yearbook. It is therefore
preferable to obtain data directly from the coun-
tries under consideration for import/export. 
Regarding endemic diseases, monitoring of
strain differences can also be a useful tool for
the release assessment step of the risk assess-
ment process. This is particularly important if
differences between countries exist. For exam-
ple, in Denmark the current monitoring system
with respect to Salmonella enterica in swine in-
cludes strain differentiation. All salmonella iso-
lates are phage-typed and a stamping-out strat-
egy was adopted for multiresistant Salmonella
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enterica Typhimurium DT104 (Møgelmose et
al. 1999). Imported commodities that contain
multiresistant Salmonella enterica Typhimu-
rium DT104 are no longer acceptable. This de-
cision is based on the zero prevalence of mul-
tiresistant Salmonella enterica Typhimurium
DT104 in food in Denmark and the health risk
posed by this strain to affected humans. If strain
differences in Denmark were not monitored,
there would be no basis for applying such spe-
cific risk management strategies.
With respect to toxic substances and residues in
food, MO&SS are being maintained in many
countries. MO&SS for zoonotic agents, on the
other hand, have gained attention only in recent
years and mainly in Scandinavian countries.
Additionally, the systems that are in place for
residue and zoonotic agent monitoring are al-
most exclusively based on end product control.
Monitoring of the entire production chain, how-
ever, is necessary for risk management mea-
sures such as the development of HACCP sys-
tems (Hathaway 1993). Such systems require
the herd of origin to be integrated in the moni-
toring process (Blaha 1999). Integrated pro-
grams of this kind are only very rarely imple-
mented. One example is the Salmonella
enterica reduction programme in Denmark
(Nielsen & Wegener 1997).
Ensuring high-quality input for risk 
assessments
Quality of data is dependent on the methods
and procedures used for data collection (Younes
& Somich-Mullin 1998). All MO&SS should
therefore include quality assurance steps. The
validity determinants of a MO&SS are similar
to those of any epidemiological study, namely
proper study design, adequate sample size, rep-
resentative samples, unbiased measure of out-
come, control for confounding factors and cor-
rect statistical analysis (Mundt et al. 1998).
Additionally, there are some analytical issues
that are specific for animal populations. For ex-
ample, animal populations are typically aggre-
gated and mobile and consequently, disease can
occur in clusters in time and space (Salman &
Ruppanner 1999). A series of articles address-
ing these analytical issues have recently been
published (for example, Donald et al. 1994,
Dargatz & Hill 1996, Cameron & Baldock
1998a, 1998b, Audigé & Beckett 1999), but the
transfer of scientific knowledge to routine data
collection has yet to occur. The new principles
for sampling (e.g. cluster sampling) and analy-
sis need to be integrated in national MO&SS
legislation as well as in international MO&SS
guidelines, for example, in the International
Animal Health Code (Anonymous 1999b).
Clearly, there are many different types of
MO&SS and there is no easy way to assess their
quality. Nevertheless there is a need to evaluate
MO&SS according to specific criteria in order
to be able to interpret data correctly (Welte et al.
1998, Anonymous 1999c). Hueston (1993) sug-
gested that the ideal national MO&SS should
include aspects for the surveillance of disease
agents, for host monitoring (e.g. livestock pop-
ulation census) and environmental assessments.
Based on this principle, he suggested a cata-
logue of criteria to assess the level of imple-
mentation of MO&SS and the quality of veteri-
nary services in a country. The issue of
MO&SS evaluation was recently further con-
templated by Dufour (1999). This author sug-
gested the use of critical control points similar
to an HACCP assessment to evaluate the qual-
ity of a MO&SS. Suggested critical control
points were, for example, sampling, co-ordina-
tion and awareness, screening and diagnosis, as
well as data collection, recording and analysis.
This method was successfully applied to three
existing surveillance systems. Based on the
evaluation, recommendations were given in or-
der to improve the quality of the programmes. 
These two examples document the need for a
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quality assessment of MO&SS. If MO&SS
were designed according to accepted standards,
the data produced by these programmes would
be of comparable quality and could be more
readily used in risk assessments. In an addi-
tional step, MO&SS applying accepted stan-
dards could even be ‘certified’ by an indepen-
dent organisation such as the OIE.
In order to provide better and higher quality in-
put for risk assessments, MO&SS also need to
be designed with the application of the data in
mind. Therefore, people involved in data col-
lection and analysis should not only know about
survey design, but also have a basic under-
standing of risk assessment and the respective
data needs (Younes & Somich-Mullin 1998). 
Discussion and conclusions
Risk assessment as a scientific framework is be-
ing promoted in the international trade and the
food safety arena by the World Trade Organisa-
tion (Campos 1998), the OIE, the Codex Ali-
mentarius Commission and the EU. These or-
ganisations are recognising the need for good
quality data input and are promoting MO&SS
as data sources. For example, the EU has listed
the need for monitoring systems in a recent res-
olution for an antibiotic resistance strategy
(Anonymous 1999d). Similarly, the OIE writes
in the latest edition of the International Animal
Health Code (1999b) that each country that
plans to export animals or animal products
needs to supply information on its MO&SSHY-
PERLINK. This is necessary for the importing
country to review the evidence for freedom
from disease and to assess the related risk
(Welte et al. 1998).  The OIE has also developed
standards for the surveillance of rinderpest and
contagious bovine pleuropneumonia (http://
www.oie.int/Norms/a_surv.htm), and standards
regarding other diseases are likely to follow. 
As MO&SS are to be used as data sources for
risk assessments the quality of the data pro-
vided needs to be known. The validity of data
consists of both internal and external validity.
An assessment of data validity is suggested to
be part of every MO&SS. This issue becomes
even more pressing if data are to be used in risk
assessments that need to be justifiable in the in-
ternational trade arena. If minimal standards for
MO&SS were specified, risk assessments could
be readily compared between countries. This
would support harmonisation of trade, one of
the key objectives of the Sanitary and Phy-
tosanitary Agreement governed by the World
Trade Organisation. In the long term, even a
certification of MO&SS could be envisaged.
The analysis of data generated by MO&SS or a
survey is not always straightforward and spe-
cific issues have to be addressed. Although
progress is being made in this area, the work re-
mains largely limited to academic exercises and
is not yet widely applied. In order to improve
the knowledge transfer from research to appli-
cation, scientific results have to be translated
into practical examples, and user-friendly soft-
ware tools need to be developed for field use. 
Finally, everybody involved with the develop-
ment of MO&SS, with data collection and anal-
ysis should have a basic understanding of the
risk assessment process in order to appreciate
the significance of data quality. Also feedback
of risk assessment results to MO&SS staff
needs to be strengthened. It has been shown in
many examples that this increases motivation
among data collectors and thus indirectly im-
proves data quality.
The use of MO&SS data for risk assessment
will ultimately support risk management, i.e.
the selection and implementation of risk reduc-
tion measures. After risk reduction measures
are implemented, MO&SS can again be used to
measure the efficacy of these interventions.
This is very much according to the original aim
of surveillance, namely to provide information
for action (Thacker & Gregg 1996).
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